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In the title compound, C 19 H lg ClN0 3 , the non-aromatic part of 
the fused ring system adopts an envelope conformation with 
the central methylene C atom as the flap. The dihedral angle 
between the pyridine and benzene rings is 56.98 (3)°. In the 
crystal, molecules are linked into double layers parallel to 
(100) by a network of weak C— H- ■ O interactions. 

Related literature 

For the synthetic procedure, see: Fang et al. (2007); Mirza- 
Aghayan et al. (2012). For a related structure, see: Sicheri et al. 
(1992). 




Experimental 

Crystal data 

C 19 H 18 C1N0 3 
M r = 343.79 
Monoclinic, P2,/c 



P = 112.151 (2)° 
V = 1707.59 (15) A 3 
Z = 4 

Mo Ka radiation 

Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi. 1995) 
r mi „ = 0.891, r m „ = 0.932 

Refinement 

R[F 2 > 2a(F 2 )] = 0.050 

wR(F 2 ) = 0.128 

S = 1.00 

3860 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



IX = 0.24 mm 
T = 296 K 

0.49 x 0.42 x 0.30 mm 



15658 measured reflections 
3860 independent reflections 
2725 reflections with / > 2a(I) 
R in . = 0.053 



220 parameters 

H-atom parameters constrained 
A/w = 0.28 e A~ 3 
Ap mi „ = -0.26 e A~ 3 



D-H-A 




D-H 


H-A 


D-A 


D-H-A 


C6-H6B- ■ 


■03' 


0.97 


2.67 


3.454 (3) 


139 


Cll-Hll- 


■ Ol" 


0.93 


2.45 


3.357 (2) 


164 


C12-H12- 


■ 03"' 


0.93 


2.70 


3.569 (2) 


156 


Symmetry 


codes: (i) 


-x+1, 


-y + l.-z + l; 


(ii) -,v + l,v + i, 


-Z + 1; (iii) 


x, -y +| Z 


n 











12.5736 (7) A 
= 8.3815 (4) A 
17.4945 (8) A 



Data collection: PROCESS-AUTO (Rigaku, 2006); cell refine- 
ment: PROCESS-AUTO; data reduction: CrystalStructure (Rigaku, 

2007) ; program(s) used to solve structure: SHEEXS97 (Sheldrick, 

2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); 
software used to prepare material for publication: WinGX (Farrugia, 
2012). 
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also grateful for the help of Professor Jian-Ming Gu of 
Zhejiang University. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FY2095). 
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Ethyl 4-(4-chlorophenyl)-2-methyl-5-oxo-5 r 6,7 r 8-tetrahydroquinoline-3- 
carboxylate 

Ke Wang, Weike Wang, Yifeng Wang and Danqian Xu 
Comment 

The pyridine nucleus is of substantial significance as it is the key component in a variety of bioactive compounds, both 
naturally occurring and synthetic. The oxidative aromatization of 1 ,4-dihydropyridines is a very convenient approach to 
the synthesis of highly substituted pyridines (Fang et al, 2007; Mirza-Aghayan et al, 2012). In this article, the title 
compound was synthesized from the oxidation of the corresponding 1 ,4-dihydropyridine, and the crystal structure of it is 
described (Fig. 1). The non-aromatic part of the fused ring is non-planar and adopts an envelope conformation. The a- 
carbon atom of the carbonyl lies on the same side of the fused ring with the ethyl group, whereas the ^-carbon atom of 
the carbonyl was oriented in opposite direction. The dihedral angle between the pyridine ring and the benzene ring is 
56.98 (3)°. In the crystal,molecules are linked by weak C — H— O interactions. 

Experimental 

The mixture of 4-chlorobenzaldehyde (1 mmol), ethylacetoacetate (1 mmol) and 3-aminocyclohex-2-enone (1 mmol) was 
stirred at at 343 K for 3 h (monitored by TLC). Then the mixture was purified by flash column chromatography (silica 
gel, Hex/AcOEt, v/v, 3:1) giving the 1 ,4-dihydropyridine compound. The 1 ,4-dihydropyridine compound was further 
oxidized by H2O2 (2.0 equiv.) in the presence of the PEGlOOO-BMIml complex catalyst (50 mol%) to afford the title 
compound. The pure pruduct is obtained through recrystallation, and single crystals were obtained by slow evaporation 
of a dichloromethane/n-hexane (1:1 v/v) solution at room temperature. 

Refinement 

Methyl H atoms were placed in calculated positions with C — H = 0.96 (1) A and the torsion was refined to fit the 
electron density with C/i S0 (H) = \.5U eq (C). Other H atoms were placed in calculated positions and treated as riding atoms: 
C— H = 0.97 (1) A (sp 3 ) and C— H = 0.93 A (aromatic) with [/ lso (H) = 1.2C/ eq (C). 

Computing details 

Data collection: PROCESS-AUTO (Rigaku, 2006); cell refinement: PROCESS-AUTO (Rigaku, 2006); data reduction: 
CrystalStructure (Rigaku, 2007); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software 
used to prepare material for publication: WinGX (Farrugia, 2012). 
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Figure 1 

Molecular structure of the title compound. Displacement ellipsoids are drawn at the 40% probability level. 

a 




Figure 2 

Crystal packing of the title compound. H atoms have been omitted for clarity. 
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Ethyl 4-(4-chlorophenyl)-2-methyl-5-oxo-5,6,7,8-tetrahydroquinoline-3-carboxylate 



Crystal data 

C 19 H 18 C1N0 3 
M r = 343.79 
Monoclinic, Pl\lc 
Hall symbol: -P 2ybc 
a = 12.5736 (7) A 
b = 8.3815 (4) A 
c= 17.4945 (8) A 
^ = 112.151 (2)° 
F= 1707.59 (15) A 3 
Z = 4 

Z)ata collection 

Rigaku R-AXIS RAPID 

diffractometer 
Radiation source: rotating anode 
Graphite monochromator 
Detector resolution: 10.00 pixels mm 1 
co scans 

Absorption correction: multi-scan 

(ABSCOR; Higashi, 1995) 
7^ = 0.891, r max = 0.932 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2(7(^)1 = 0.050 

wR{F 2 ) = 0.128 

5= 1.00 

3860 reflections 

220 parameters 

0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



F(000) = 720 

D x = 1.337 MgirT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 10595 reflections 

6= 3.1-27.4° 

/u = 0.24 mm" 1 

T=296K 

Chunk, yellow 

0.49 x 0.42 x 0.30 mm 



15658 measured reflections 
3860 independent reflections 
2725 reflections with I > 2a(I) 
R mt = 0.053 

^max 27.5 , Qmm 3.0 

h = -16->16 
& = -10->10 
1 = -18-»22 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/[cj 2 (F 0 2 ) + (0.05 15P) 2 + 0.6492P] 

where P = (F 2 + 2F 2 )I?> 

(A/o)max — 0.001 

Ay9 max = 0.28 e A~ 3 
Apmin = -0.26 e A~ 3 

Extinction correction: SHELXL97 (Sheldrick, 

2008),Fc*=kFc[l+0.001xFc 2 l 3 /sin(26>)]- 1/4 
Extinction coefficient: 0.043 (3) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



x y z U ISO */U cq 

CI 0.42545 (16) 0.6493 (2) 0.58924(11) 0.0375 (4) 

C2 0.41107 (17) 0.7151 (2) 0.51265 (11) 0.0413 (4) 
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C14— C15 


1.393 (3) 


C4— C9 


1.400 (3) 


C14— H14 


0.9300 


C4— C5 


1.502 (3) 


C15— H15 


0.9300 


C5— C6 


1.508 (3) 


CI 6— 03 


1.199 (2) 


C5— H5A 


0.9700 


CI 6— 02 


1.329 (2) 


C5— H5B 


0.9700 


CI 7— 02 


1.451 (3) 


C6— C7 


1.525 (3) 


C17— C18 


1.474 (4) 


C6— H6A 


0.9700 


C17— H17A 


0.9700 


C6— H6B 


0.9700 


C17— H17B 


0.9700 


C7— C8 


1.503 (3) 


CI 8— H18A 


0.9600 


C7— H7A 


0.9700 


C18— H18B 


0.9600 


C7— H7B 


0.9700 


C18— H18C 


0.9600 


C8— 01 


1.215 (2) 


C19— H19A 


0.9600 


C8— C9 


1.496 (3) 


C19— H19B 


0.9600 


C10— C15 


1.391 (2) 


C19— H19C 


0.9600 


C2— CI— C9 


117.32(17) 


C12— Cll— C10 


121.26(17) 


C2— CI— C10 


119.73 (16) 


C12— Cll— Hll 


119.4 


C9— CI— C10 


122.86 (16) 


C10— Cll— Hll 


119.4 


CI— C2— C3 


119.96(18) 


Cll— C12— C13 


118.74(18) 


CI— C2— C16 


121.46(17) 


Cll— C12— H12 


120.6 


C3— C2— C16 


118.39(17) 


C13— C12— H12 


120.6 
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XT1 /"" ~) PO 

N 1 — C3 — Cz 


122.12 (lo) 


C 1 4 — L 1 J — C 1 2 




111 f t /1 o\ 

121.52 (18) 


Nl — C3 — CI 9 


115.56 (19) 


p 1 /i /'<i"> pi 1 

C14 — C13 — Cll 




119.53 (15) 


C2 — C3 — C19 


122.3 (2) 


C12 — C13 — Cll 




110 AC / 1 f \ 

1 1 8.95 (15) 


XT 1 P /I /~1A 

N 1 — C4 — 09 


122.76 (18) 


p 1 o p 1 ,j P 1 C 

C13 — C14 — CI 5 




1 1 A 1 1 / 1 "7 \ 

119.31 (17) 


xt 1 /"< /i pc 

Nl — C4 — L5 


1 1 f 1^/1 o\ 

115.12 (lo) 


p 1 -) P 1 /I TT1/I 

C13 — L14 — H14 




1 OA T 

120.3 


C9 — C4 — C5 


1 H AT / 1 0\ 

122.07 (18) 


p 1 f- /" < i/\ T T 1 /I 

C15 — C14 — H14 




120.3 


P a rir p / 

C4 — C5 — Co 


11/1 / 1 ON 

114.62 (18) 


p 1 /\ P 1 C -• I /I 

C10 — C15 — C14 




1 OA 1 O / 1 1 \ 

120.33 (17) 


p /i ^ir TTf a 

L4 — C5 — H5A 


1 AO 

108.6 


/"MA pi f tti f 

C10 — C15 — HI 5 




1 1 A O 

119.8 


p s p c TTf a 

Co — L5 — H5A 


1 AO 

108.6 


\ a 1 c tti c 

C14 — L15 — H15 




1 1 A O 

119.8 


f • A /*if TTCTi 

C4 — C5 — H5B 


108.6 


03 — C16 — 02 




1 O /I 1 /I / 1 A\ 

124.34 (19) 


f • S PC T TfTl 

Co — C5 — H5B 


1 AO /" 

108.6 


03 — CI 6 — C2 




IOC yl O / 1 A\ 

125.48 (19) 


TTf A P c TTCT) 

H5A — C5 — H5B 


107.6 


(Jz — C 1 6 — Cz 




1 1 A AA / 1 jC\ 

110.09 (16) 


C5 — Co — C7 


1 1 A O 1 / 1 0\ 

110.81 (18) 


02 — C 1 7 — C 1 8 




1 AT T /1\ 

107.7 (2) 


P f/ p / TT/- * 

C5 — Co — H6A 


1 AA C 

109.5 


02 — CI 7 — H17A 




1 1 A O 

110.2 


p -7 /"I / TT/ - * 

C7 — Co — H6A 


109.5 


f ^ 1 0 f ' IT TTI n A 

CI 8 — C17 — H17A 




110.2 


C5 — Co — H6B 


1 AA C 

109.5 


/"V -N /—I 1 *7 TTI HT) 

(Jz — C 1 7 — H 1 7B 




1 1 A T. 

110. z 


C7 — Co — H6B 


1 AA C 

109.5 


pi 0 pn tti '771 

C 1 0 — L 1 7 — H 17b 




1 1 A T. 

110. z 


TT/" A /" < / TT/'T» 

H6A — Co — H6B 


1 AO 1 

108.1 


tti n a f ' 1^7 tti nri 

H17A — C17 — H17B 




1 AO C 

108.5 


08 — C7 — Co 


1 AA /I /" / 1 *7\ 

109.46 (17) 


f ^ 1 ^ /" • 10 T T 1 O A 

Cl7 — C18 — H18A 




109.5 


Co — C7 — H7A 


1 AA O 

109.8 


pn p 1 0 tti on 

C 1 7 — L 1 0 — H 1 )so 




1 AA C 

109.5 


Co — C7 — H7A 


1 An o 

109.8 


TTIOA /"> 1 O TTI on 

H18A — L18 — HloB 




1 An c 

109.5 


p o TT*7T"> 

08 — C7 — H7B 


1 AA O 

109.8 


pi n PIO tti OP 

C17 — C18 — H18C 




1 AA C 

109.5 


Co — C7 — H7B 


109.8 


T T 1 O A f " IO T T 1 O /" ^ 

H18A — C18 — H18C 




109.5 


tt*7 a r^n i nn 

H7A — C7 — H7B 


1 AO 'l 

108.2 


TTI On PI O TTI OPI 

H18B — Clo — H18C 




1 AA C 

109.5 


s\ i po <^a 

Ol — C8 — C9 


1*7/1 a\ 

122.17 (17) 


PO P1A TT1AA 

C3 — C19 — H19A 




1 An c 

109.5 


Ol — C8 — C7 


1 H A/' / 1 0\ 

122.06 (18) 


x~l O P1A TT1 ATI 

C3 — C19 — H19B 




109.5 


C9 — C8 — C7 


1 1 C "7 1 / 1 T\ 

115.71 (17) 


T T 1 A A p 1 rv tti ( \ T~) 

H19A — C19 — H19B 




109.5 


Pd pq pi 

— v~-y — i_ i 


118 81 H 7"> 


ri P1Q T-T1QP 




1 HQ ^ 


C4— C9— C8 


118.73 (17) 


H19A— C19— H19C 




109.5 


CI— C9— C8 


122.44 (17) 


H19B— CI 9— H19C 




109.5 


C15— CIO— Cll 


118.84(17) 


C3— Nl— C4 




118.87 (17) 


C15— CIO— CI 


120.88 (16) 


CI 6— 02— C17 




117.20(17) 


Cll— CIO— CI 


120.24 (16) 








Hydrogen-bond geometry (A, °) 


D — H—A 


D — H 


U-A 


D-A 


D — H—A 


C6— H6S-03' 


0.97 


2.67 


3.454 (3) 


139 


Cll— Hll-Ol" 


0.93 


2.45 


3.357 (2) 


164 


C12— H12-03 ffi 


0.93 


2.70 


3.569 (2) 


156 



Symmetry codes: (i) -x+l, -y+\, -z+1; (ii) -x+l, y+l/2, -z+3/2; (iii) x, -y+3/2, z+1/2. 
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